Abstract
Regulation of Autophagy by High Glucose in Human Retinal Pigment Epithelium

Introduction
Autophagy refers as a catabolic process that involves the degradation of cellular components through lysosomal machinery. It helps to maintain the balance between the synthesis, degradation, and subsequent recycling of cellular components [1] . Mounting evidence suggests that autophagy plays an important role in cell growth, development, and homeostasis [2] . Disruption of autophagic process results in the failure of cavitation during embryogenesis or the accumulation of abnormal mitochondria in adult tissues [3, 4] . Moreover, malfunction of autophagy has been linked to a wide range of human pathologies, including cancer, neurodegeneration, and pathogen infection [5, 6] . Thus, autophagy should be carefully regulated and executed, which is important for the maintenance of cellular homeostasis as well as being a crucial adaptation mechanism against a multitude of cellular stress conditions. Diabetic retinopathy is one of the most serious diabetic complications, which could cause the irreversible blindness [7, 8] . The retinal vasculature is particularly vulnerable to be damaged in patients with diabetes. Nearly all types of retinal cells are at risk. Notable among these cells are retinal pigment epithelium (RPE), which performs a number of vital functions to maintain the overall health of the retina, such as transport of nutrients and removal of waste products from photoreceptor cells, retinoid transport and regeneration, and immune/ which constitutes the outer blood-retina barrier. Disruption of the blood-retina barrier not in edemas, but also affects the metabolic circuits and RPE function [11] . Thus, it is required to maintain normal physiological and functional properties of RPE during diabetic retinopathy.
Hyperglycemia plays an important role in the pathogenesis of diabetic complications. The toxic effects of hyperglycemia have been corroborated in numerous in vitro and in vivo studies [12, 13] . Autophagy can function as a survival mechanism that allows the cells to maintain energy homeostasis and viability. It is also is important for the removal of damaged proteins and organelles. Autophagy thereby confers stress tolerance, limits damage, and sustains viability under adverse conditions [1, 2] . However, the functional role of autophagy in RPE is still unclear upon high glucose stress. In this study, we found that high levels of glucose could induce autophagy in RPE. This induction of autophagy is independent of mTOR signaling, but is mainly mediated by ROS-mediated ER stress signaling.
Materials and Methods
Cell culture maintained at 37 2 . The culture medium was replaced with fresh medium every other day. 
Transmission electron microscopy
Immunohistochemistry (IHC) assay
Determination of reactive oxygen species (ROS)
Western blot
The membrane was blocked for 1 h, and then the primary antibody was incubated with the membrane overnight at 4 . The membrane was washed and incubated with the secondary antibody labeled with horseradish peroxidase for 1 h at room temperature. The bands were
Detection of cell viability
The 3-(4,5-dimethylthiazal-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay was length was detected using a microplate reader (Thermo).
Statistical Analysis
All data were presented as mean ± S.E.M.. Student's t test and one-way ANOVA with post hoc Tukey test were employed for two-group and multiple comparisons, respectively. P
Result
High glucose induces RPE autophagy
To determine the effect of high glucose on autophagy, RPE were incubated in the medium increase in the number of double-membrane vacuoles, which is typical of autophagosomes roles in promoting both cell survival and cell death [14] . We employed MTT method to investigate the potential role of autophagy in RPE viability upon high glucose stress. We glucose stress.
High glucose alters the expression pattern of autophagic markers
In addition to electron microscopy observation, light microscopy detection of the under normal physiological condition. High glucose treatment altered the distribution of 
High glucose-induced autophagy is independent of mTOR signaling pathway
The process of autophagy is regulated by external nutritional status. The mammalian target of rapamycin (mTOR) is a sensor of cellular nutritional status, which has been reported to play a critical role in autophagy [17] . To investigate the association between mTOR could activate mTOR signaling. To determine the direct role of mTOR signaling in autophagy, RPE were treated with or without rapamycin to regulate mTOR activity. The result showed that compared with high glucose-treated group, the inhibition of mTOR signaling had no high glucose-induced autophagy.
High glucose induces autophagy through ROS-mediated ER stress signaling pathway
Nutrient excess could lead to an obvious increase in ROS gneration, which is a potent The group treated with normal glucose was taken as the control group. Western blots were conducted to determine the phosphorylation levels --pression was detected as the loading control. The relative amount of -pressed as the fold increase compared with the control group. A representative immunoblot is shown along with the quantitative data showing the mean ± S.E.M. from four separate blots. in medium containing normal glucose (5 mM) with or without rapamycin (Rap) for 48 h. The group treated with normal glucose was taken as the control group. Western blots were conducted to derepresentative immunoblot is shown along with the quantitative data showing the mean ± S.E.M. from four separate blots. 
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry of proteins and protein aggregation, which induces endoplasmic reticulum (ER) stress, signaling. To determine the direct role of ER stress signaling in autophagy, we tranfected through ER stress signaling.
Discussion
retinopathy [7] . In the present study, we demonstrated that high glucose could directly could result in a marked reduction in RPE cell viability upon high glucose stress. Autophagy is an evolutionarily conserved mechanism for the degradation of cellular components in the cytoplasm. It is reported to be a double-edged sword for cell physiology [1, 2] . It can serve as a cell survival mechanism during the condition of nutrient stress, and can also play a critical role in cell death [21] . Previous studies have revealed that high levels of glucose could promote autophagy in podocyte through the inhibition of mTOR signaling is protective in high glucose-induced cardiomyocyte injury [24] . Taken together, these results underscore a fact that autophagy could be either protective or detrimental depending on the individually determined under different pathological conditions. RPE are responsible for the exchange of nutrients and metabolites between retina and could disrupt RPE junction and barrier integrity, which may contribute to the pathogenesis in a time and concentration-dependent manner. ROS is produced as the normal by-product of cellular metabolism. When produced in moderate amounts, ROS are thought to function as the signaling molecule in signal transduction pathways regulating cell proliferation, senescence, apoptosis, necrosis and autophagy [25] . Excess ROS could result in the accumulation of oxidized proteins in the ER. In general, the destroyed proteins are retrotranslocated to the cytoplasm and degraded by the ER-associated ubiquitine/proteasome degradation (ERAD) system. However, if the amount of unfolded and malfolded proteins exceeds the capacity of the ERAD system, the proteins start to aggregate in the ER and trigger ER stress [26, 27] . High glucose-induced ROS could activate ER stress signaling, and the interruption of ER stress signaling leads to the inhibition of autophagy in RPE. ER stress-regulated autophagy may play a critical role in the maintenance of normal physiological functions in RPE in response to excess energy crisis. mTOR functions as a sensor of the cellular energy status, and its activity is inhibited upon energy stress. mTOR signaling is also reported to be involved in the regulation of autophagy activity [17] . mTOR could negatively regulate p73, a member of the p53 family serine/threonine kinase and the mammalian functional homolog of yeast Atg1. It has been cells [28] . We also investigate the relationship between mTOR activation and RPE autophagy. We found that high glucose treatment activates mTOR signaling. However, the inhibition of mTOR signaling by rapamycin treatment has no effect on high glucose-mediated autophagy, suggesting that mTOR signaling is not a major signaling invovled in RPE autophagy.
In conclusion, the current report demonstrates that high levels of glucose could result in the induction of RPE autophagy. Mechanistically, autophagy induction is mediated, at least in details about the regulatory mechanisms of high glucose-mediated autophagy in retina. . Western blots were conducted to detect p-eIF2, eIF2, p-PERK, and PERK expression. The relative expression of each protein was expressed as the relative change compared with the control group. A representative immunoblot was shown along with the quantitative data from four separate blots. (D) RPE cells were transfected with eIF-2α siRNA to silence ER stress signaling, and then incubated with the medium containing normal glucose (5 mM) or high glucose (30 mM) for 48 h. Western blots were conducted to detect LC3 and p62 expression. β-tubulin expression was detected as the loading control. The group treated with normal glucose was taken as the control group. LC3 or p62 expression was shown as relative change compared with the control group. A representative immunoblot was shown along with the quantitative data from four separate blots.
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